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(57) ABSTRACT

A driving device includes a motor, and a gear housing secured
to the motor. The gear housing accommodates reduction
gears. Rotation of the motor 1s reduced by the reduction gears
betfore being transmitted to an output shaft supported by the
gear housing. A support cylinder extends from an outer sur-
face of the gear housing to support the output shaft. A sur-
rounding cylinder extends from the outer surface of the gear
housing to surround the support cylinder. Reinforcing ribs are
located between the support cylinder and the surrounding
cylinder. Each reinforcing rib extends from a circumierential
wall of the support cylinder such that the angle between the
reinforcing rib and a normal line that intersects the circum-
terential wall form a predetermined angle. Each reinforcing
rib has a radially inward end connected to the support cylinder
and a radially outward end connected to the surrounding
cylinder.

14 Claims, 2 Drawing Sheets
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GEAR HOUSING OF DRIVING DEVICE
EQUIPPED WITH MOTOR

BACKGROUND OF THE INVENTION

The present invention relates to a gear housing of a driving
device equipped with a motor.

Japanese Laid-Open Patent Publication No. 2001-1037035
discloses a driving device used 1n a vehicle wiper device or the
like. The driving device includes a motor, which has a rotary
shaft, and a reduction section, which reduces rotation of the
rotary shaft before outputting the rotational force. The reduc-
tion section includes a gear housing, which 1s secured to a
motor, a reduction gear, which 1s accommodated 1n the gear
housing, and an output shaft, which projects outside the gear
housing. The reduction gear includes a worm, which 1s
secured to the rotary shait, and a worm wheel, which meshes
with the worm. The output shaft 1s coupled to the worm
wheel. The gear housing has a support cylinder, which sup-
ports the output shait to prevent the axis of the output shait
from tilting. The gear housing also has reinforcing ribs, which
radially extend from the outer circumierence of the support
cylinder. The remnforcing ribs improve the strength of the
support cylinder and prevent the output shaft from being tilted
by a load applied from the outside.

The gear housing 1s formed by casting. During casting, the
gear housing contracts as it 1s solidified and cooled. At this
time, the reinforcing ribs, which extend radially, cause a
relatively large tension to act on the support cylinder along the
radial direction. This decreases the circularnity of the inner
circumierence of the support cylinder by a large amount.
When the circularity of the inner circumierence of the support
cylinder 1s low, the axis of a sliding bearing, which 1s secured
to the mner circumierence of the support cylinder, may be
tilted by an intolerable degree or lubricant o1l between the
sliding bearing and the output shaft may leak. Therefore, the
support cylinder need to go through a cutting process or a
s1ZIng process after casting the gear housing 1n order to
increase the circularity of the inner circumiference of the
support cylinder.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an objective of the present invention to
provide a gear housing of a driving device equipped with a
motor that permits the circularity of the inner circumierence
ol the support cylinder to be easily improved.

To achieve the above objective, the present invention pro-
vides a gear housing of a driving device equipped with a
motor. The gear housing 1s secured to the motor and accom-
modates reduction gears. Rotation of the motor 1s reduced by
the reduction gears and transmitted to an output shaft sup-
ported by the gear housing. The gear housing includes a
support cylinder, which supports the output shaift, and a plu-
rality of reinforcing ribs located about the support cylinder.
Each reinforcing rib extends from a circumierential wall of
the support cylinder such that the angle between the reinforc-
ing rib and a normal line that intersects the circumierential
wall of the support cylinder form a predetermined angle. Each
reinforcing rib 1s connected to the adjacent reinforcing rib at
the circumiferential wall of the support cylinder.

The present invention also provides a driving device. The
driving device includes a motor, a gear housing secured to the
motor, a plurality of reduction gears accommodated 1n the
gear housing, and an output shaft supported by the gear hous-
ing. Rotation of the motor 1s reduced by the reduction gears
before being transmitted to the output shaft. The driving
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device further includes a support cylinder, which extends
from an outer surface of the gear housing to support the output
shaft, and a plurality of reinforcing ribs, which extend from
the outer surface of the gear housing about the support cylin-
der. Each reinforcing rib extends from a circumierential wall
of the support cylinder such that the angle between the rein-
forcing rib and a normal line that intersects the circumieren-
tial wall of the support cylinder form a predetermined angle.
Each reinforcing rib 1s connected to the adjacent reinforcing
rib at the circumierential wall of the support cylinder.

Other aspects and advantages of the invention will become
apparent from the following description, taken 1n conjunction
with the accompanying drawings, illustrating by way of
example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantages
thereof, may best be understood by reference to the following
description of the presently preferred embodiments together
with the accompanying drawings in which:

FIG. 1 1s a front view 1llustrating a motor according to one
embodiment of the present invention;

FIG. 2 1s a partially enlarged view illustrating the gear
housing of the motor shown in FIG. 1; and

FIG. 3 1s a cross-sectional view taken along line 3-3 of FIG.
2.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
=]

ERRED

One embodiment of the present imnvention will now be
described with reference to FIGS. 1 to 3. As shown in FIG. 1,
a driving device includes a motor 1 (shown by a dashed line 1n
FIG. 1) and a reduction section 2, which 1s coupled to the
motor 1. Although not shown in the drawings, the motor 1
includes a cylindrical yoke, magnets, which are secured to the
inner circumierential surface of the yoke, and a rotor, which
1s accommodated 1n the yoke. The rotor includes a rotary
shaft, which extends outside of the yoke. The reduction sec-
tion 2 includes a gear housing 3, which 1s secured to the motor
1, areduction gear, which 1s a worm 4 and a worm wheel 5 1n
this embodiment, and an output shait 6.

The gear housing 3 1s formed of aluminum alloy through
casting. The gear housing 3 has a worm accommodating
section 3a, which extends along the axis of the rotary shait of
the motor 1, and a wheel accommodating section 35, which 1s
adjacent to the worm accommodating section 3a. The gear
housing 3 also has a pair of mounting portions 3¢, 34, which
extend from portions of the wheel accommodating section 35
that are apart from the worm accommodating section 3a. The
mounting portions 3¢, 34 extend 1n the opposite directions
that are substantially parallel to the rotary shaft. The mount-
ing portions 3¢, 3d are attached to predetermined support
sections on a vehicle body or the like. The gear housing 3 has
a support cylinder 3e (see FIG. 3), which 1s located at the
center of the wheel accommodating section 35 and extends
along a direction perpendicular to the rotary shait (perpen-
dicular to the surface of the sheet of FIG. 1) from the outer
surface of the gear housing 3.

The worm 4 1s accommodated 1n the worm accommodat-
ing section 3a and 1s coupled to the rotary shaft of the motor
1. The worm wheel 5 1s accommodated 1n the wheel accom-
modating section 356 such that the worm wheel 5 1s meshed
with the worm 4. In this embodiment, the worm 4 1s formed
integrally with the rotary shatt. Thus, the worm 4 1s accom-
modated 1n the worm accommodating section 3a at the same
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time as the gear housing 3 1s assembled to the motor 1. The
wheel accommodating section 35 1s open to the rear side of
the sheet of FIG. 1. The worm wheel 5 1s accommodated in the
wheel accommodating section 35 from the opening. The
opening 1s closed by a closing member, which 1s not shown.

The output shait 6 1s coupled to the worm wheel 3 to rotate
integrally with the worm wheel 5. The output shatt 6 1s also
rotatably supported by the support cylinder 3e. In this
embodiment, the output shaft 6 1s supported by a sliding
bearing 7, which 1s secured to the inner circumierential sur-
face of the support cylinder 3e. The output shaft 6 projects
outside the gear housing 3 through the support cylinder 3e and
1s coupled to a driven member such as a wiper arm for a
vehicle. Rotation of the motor 1 1s reduced by the worm 4 and
the worm wheel 5 before being transmitted to the output shaft

6.

As shown 1n FI1G. 2, the gear housing 3 has reinforcing ribs
11 about the support cylinder 3e. Each remnforcing rib 11
extends from the circumierential wall of the support cylinder
3¢ such that the angle between the reinforcing rib 11 and an
imaginary normal line L1 that vertically intersects the cir-
cumierential wall of the support cylinder 3e 1s represented by
a predetermined angle 01. In other words, each reinforcing rib
11 extends from the circumierential wall of the support cyl-
inder 3e such that the reinforcing rib 11 1s tilted by the pre-
determined angle 01 with respect to the radial direction. In the
example shown 1n FI1G. 2, the angle 01 1s set to approximately
ninety degrees.

The gear housing 3 has a surrounding cylinder 12, which
surrounds the support cylinder 3e and 1s coaxial with the
support cylinder 3e. The remnforcing ribs 11 are located
between the support cylinder 3e and the surrounding cylinder
12. Each reinforcing rib 11 has a radially inward end, which
1s connected to the outer circumierential surface of the sup-
port cylinder 3e, and a radially outward end, which 1s con-
nected to the inner circumierential surface of the surrounding,
cylinder 12. As shown i FIG. 3, an annular groove 13 1is
formed on a portion of the inner surface of the wheel accom-

modating section 36 corresponding to the surrounding cylin-
der 12.

As shown 1 FIG. 2, 1n this embodiment, an imaginary
straight line .2 that extends through the middle of the width
(thickness) of each reinforcing rib 11 matches with a tangent
line L3 to a circle C1 that extends through the middle of the
width (thickness) of the support cylinder 3e. That i1s, each
reinforcing rib 11 extends substantially along a tangent line to
the support cylinder 3e.

The remnforcing ribs 11 are arranged to repeat a constant
pattern along the circumierential direction of the support
cylinder 3e. More specifically, as shown in FI1G. 2, theradially
inward end of each remnforcing rib 11 1s connected to the
adjacent remnforcing rib 11 and the radially outward end of
cach reinforcing rib 11 is connected to another adjacent rein-
forcing rib 11. As viewed from the axial direction of the
support cylinder 3e, two reinforcing ribs 11, the radially
outward ends of which are connected to each other, and a
section ol the support cylinder 3e between the two reinforcing
ribs 11 form a triangle Z having a vertex on the surrounding
cylinder 12. Such triangles 7 are arranged along the circum-
terential direction of the support cylinder 3e. In this embodi-
ment, twelve remnforcing ribs 11 are provided and six pairs of
reinforcing ribs 11 form the triangles Z. The six pairs of
reinforcing ribs 11, or the six triangles 7, are arranged at equal
angular intervals of sixty degrees about the support cylinder
3e. The triangles 7 are arranged to be symmetric with respect
to the center of the support cylinder 3e.
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The tnangles Z are equilateral triangles or 1sosceles tri-
angles each having a shape close to an equilateral triangle.
The legs of each triangle 7 are two of the reinforcing ribs 11
the radially outward ends of which are connected. The base of
cach triangle 7 1s a section of the support cylinder 3e between
the corresponding reinforcing ribs 11. Each pair of the rein-
forcing ribs 11 that are connected to each other at radially
inward ends and a section of the surrounding cylinder 12
between the reinforcing ribs 11 form a sectorial portion. The
triangles Z and the sectorial portions are alternately arranged
along the circumierential direction of the support cylinder 3e.
Each triangle Z shares the vertexes at the ends of the base with
the adjacent triangles Z. Joints of the reinforcing ribs 11, the
support cylinder 3e, and the surrounding cylinder 12 provide
smooth curves. On the extension of each reinforcing rib. 11,
that 1s, on the straight line L.2 that extends through the middle
of the width of the reinforcing rib 11, exist a section of the
support cylinder 3e that forms the base of the adjacent triangle
7. and one of the reinforcing ribs 11 that forms a leg of the
triangle Z that 1s adjacent to the first triangle Z. The angle 01
1s set such that each triangle Z 1s an 1sosceles triangle. In the
illustrated embodiment, the distance between the support cyl-
inder 3e and the surrounding cylinder 12 in the radial direc-
tion and the angle 01 are set such that the triangles 7 are
equilateral triangles or 1sosceles triangles each having a shape
close to an equilateral triangle.

As shown 1n FIG. 3, the height (axial dimension) of the
reinforcing ribs 11 and the surrounding cylinder 12 are sub-
stantially half the height of the support cylinder 3e.

As shown 1n FIGS. 1 and 2, the gear housing 3 has a pair of
reinforcing ribs 14, which extend toward the mounting por-
tion 3¢, and a pair of reinforcing ribs 15, which extend toward
the mounting portion 3d. The reinforcing ribs 14, 15 extend
from the circumierential wall of the surrounding cylinder 12.
The two reinforcing ribs 14 correspond to the mounting por-
tion 3¢ and the two reinforcing ribs 15 correspond to the other
mounting portion 3d.

The preferred embodiment provides the following advan-
tages.

(1) The reinforcing ribs 11 arranged about the support
cylinder 3e improve the strength of the support cylinder 3e
and prevents the output shait 6 supported by the support
cylinder 3e from being tilted by a load applied from the
outside. Each reinforcing rib 11 extends from the circumfier-
ential wall of the support cylinder 3e such that the angle
between the reinforcing rib 11 and the normal line L1 that
vertically intersects the circumierential wall of the support
cylinder 3e i1s represented by the predetermined angle 01.
That 1s, each reinforcing rib 11 extends substantially along a
tangent line to the support cylinder 3e. The reinforcing ribs 11
prevent tension from being applied to the support cylinder 3e
along the radial direction when the gear housing 3 1s solidified
and cooled during casting. Therefore, deformation of the
support cylinder 3e during casting 1s suppressed, which pre-
vents the circularnty of the mnner circumierence of the support
cylinder 3¢ from being decreased. As a result, a cutting pro-
cess or a sizing process of the support cylinder 3e after casting
of the gear housing 3, can be eliminated or reduced.

(2) The gear housing 3 has the surrounding cylinder 12
about the support cylinder 3e. The radially outward end of
cach reinforcing rib 11 1s connected to the surrounding cyl-
inder 12. The surrounding cylinder 12 further improves the
strength of the support cylinder 3e and permits the support
cylinder 3e to support the output shaift 6 more stably.

(3) The annular groove 13 corresponding to the surround-
ing cylinder 12 1s formed on the surface of the gear housing 3
opposite to the surrounding cylinder 12 (or on the 1nner sur-
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face of the wheel accommodating section 35) as shown 1n
FIG. 3. An annular projection corresponding to the annular
groove 13 1s formed 1n a mold for the gear housing 3 to form
the annular groove 13 1nthe gear housing 3. The portion of the
gear housing 3 surrounded by the annular projection, or 1n
other words, the portion of the gear housing 3 surrounded by
the surrounding cylinder 12, 1s less affected by contraction
due to soliditying and cooling of the portion of the gear
housing 3 about the surrounding cylinder 12 during casting of
the gear housing 3. Therefore, the circularnity of the inner
circumierence of the support cylinder 3e 1s improved. The
annular groove 13 1s formed at a portion of the gear housing
3 corresponding to the surrounding cylinder 12. Thus,
although the annular groove 13 1s formed, the thickness of the
gear housing 3 1s prevented from being partially thin. The loss
of strength at the portion of the gear housing 3 corresponding
to the annular groove 13 1s compensated for by providing the
surrounding cylinder 12. This prevents the strength of the
gear housing 3 from being decreased due to the annular
groove 13.

(4) The reinforcing ribs 11 are arranged to repeat a constant
pattern along the circumierential direction of the support
cylinder 3e. Therefore, when the gear housing 3 1s solidified
and cooled during casting, the tension applied to the support
cylinder 3e from the reinforcing ribs 11 1s substantially uni-
form 1n the circumierential direction. Theretore, the circular-
ity of the inner circumierence of the support cylinder 3e 1s
turther improved.

(5) Two reinforcing ribs 11, the radially outward ends of
which are connected to each other, and a section of the sup-
port cylinder 3e between the two reinforcing ribs 11 form a
triangle Z having a vertex on the surrounding cylinder 12.
Such triangles Z are arranged along the circumierential direc-
tion of the support cylinder 3e continuously. With this struc-
ture, the strength of the reinforcing ribs 11 and the support
cylinder 3e 1s further improved.

(6) The gear housing 3 has the pair of reinforcing ribs 14,
which extend toward the mounting portion 3¢, and the pair of
reinforcing ribs 15, which extend toward the mounting por-
tion 3d. The reinforcing ribs 14, 15 extend from the circum-
terential wall of the surrounding cylinder 12. The reinforcing
ribs 14, 15 improve the strength of the mounting portions 3c,
3d and permit the gear housing 3 to be secured to the support
sections on the vehicle body or the like without a play.

The above embodiment may be modified as follows.

In the above embodiment, the reinforcing ribs 11 extend
substantially along a tangent line to the support cylinder 3e.
However, the angle of each reinforcing rib 11 with respect to
the support cylinder 3e may be changed as required. Further-
more, the reinforcing ribs 11 need not be arranged to form the
triangles 7. The number of the reinforcing ribs 11 may be
other than twelve.

The surrounding cylinder 12 may be omitted. In this case,
the shape and the position of the reinforcing ribs 14, 15 are
preferably changed as required. The annular groove 13 cor-
responding to the surrounding cylinder 12 may be omitted.
Furthermore, the reinforcing ribs 14, 15 may be omutted.

The gear housing 3 may be made of metal matenal other
than aluminum alloy or of maternial other than metal such as
resin material.

The present examples and embodiments are to be consid-
ered as 1llustrative and not restrictive and the invention 1s not
to be limited to the details given herein, but may be modified
within the scope and equivalence of the appended claims.

The mvention claimed 1s:

1. A gear housing of a driving device equipped with a
motor, the gear housing being secured to the motor and
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accommodating reduction gears, wherein rotation of the
motor 1s reduced by the reduction gears and transmitted to an
output shaft supported by the gear housing, the gear housing
comprising:

a support cylinder, which supports the output shait; and

a plurality of reinforcing ribs located about the support
cylinder, each reinforcing rib extending from a circum-
ferential wall of the support cylinder such that the angle
between the reinforcing rib and a normal line that inter-
sects the circumierential wall of the support cylinder
form a predetermined angle, and each reinforcing rib 1s
connected to the adjacent reinforcing rib at the circum-
ferential wall of the support cylinder.

2. The gear housing according to claim 1, wherein each
reinforcing rib extends substantially along a tangent line to
the support cylinder.

3. The gear housing according to claam 1, wherein the
reinforcing ribs are arranged to repeat a constant pattern
along the circumierential direction of the support cylinder.

4. The gear housing according to claim 1, further compris-
ing a surrounding cylinder, which surrounds the support cyl-
inder.

5. The gear housing according to claim 4, wherein each
reinforcing rib extends between the support cylinder and the
surrounding cylinder, and each reinforcing rib has a radially
inward end connected to the support cylinder and a radially
outward end connected to the surrounding cylinder.

6. The gear housing according to claim 3, wherein the gear
housing has a first surface from which the surrounding cyl-
inder extend and a second surface opposite to the first surface,
an annular groove 1s formed on a portion of the second surface
corresponding to the surrounding cylinder.

7. The gear housing according to claim 5, wherein the
radially inward end of each reinforcing rib 1s connected to the
adjacent reinforcing rib and the radially outward end of the
reinforcing rib 1s connected to another adjacent reinforcing
r1b.

8. The gear housing according to claim 7, wherein the two
reinforcing ribs, the radially outward ends of which are con-
nected to each other, and a section of the support cylinder
between the two reinforcing ribs form a triangle having a
vertex on the surrounding cylinder, the reinforcing ribs are
arranged such that a plurality of triangles are continuously
arranged 1n the circumierential direction of the support cyl-
inder.

9. The gear housing according to claim 8, wherein the
triangles are arranged to be symmetric with respect to the
center of the support cylinder.

10. The gear housing according to claim 8, wherein the
triangles are arranged about the support cylinder at equal
angular intervals.

11. A gear housing of a driving device equipped with a
motor, the gear housing being secured to the motor and
accommodating reduction gears, wherein rotation of the
motor 1s reduced by the reduction gears and transmitted to an
output shait supported by the gear housing, the gear housing
comprising:

a support cylinder, which extends from an outer surface of

the gear housing to support the output shatt;

a surrounding cylinder, which extends from the outer sur-
face of the gear housing to surround the support cylin-
der; and

a plurality of reinforcing ribs located between the support
cylinder and the surrounding cylinder, each reinforcing
rib extending from a circumierential wall of the support
cylinder such that the angle between the reinforcing rib
and a normal line that intersects the circumierential wall
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of the support cylinder form a predetermined angle, and
cach reinforcing rib has a radially inward end connected
to the support cylinder and a radially outward end con-
nected to the surrounding cylinder.

12. The gear housing according to claim 11, wherein each
reinforcing rib extends substantially along a tangent line to
the support cylinder.

13. The gear housing according to claim 11, wherein the
radially inward end of each reinforcing rib 1s connected to the
adjacent reinforcing rib and the radially outward end of the
reinforcing rib 1s connected to another adjacent reinforcing,
r1b.

14. A driving device comprising:

a motor;

a gear housing secured to the motor;

a plurality of reduction gears accommodated 1n the gear

housing;
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an output shaft supported by the gear housing, wherein
rotation of the motor 1s reduced by the reduction gears

betfore being transmitted to the output shatt;

a support cylinder, which extends from an outer surface of
the gear housing to support the output shaft; and

a plurality of reinforcing ribs, which extend from the outer
surface of the gear housing about the support cylinder,
cach reinforcing rnb extending from a circumierential
wall of the support cylinder such that the angle between
the reinforcing rib and a normal line that intersects the
circumierential wall of the support cylinder form a pre-
determined angle, and each reinforcing rib 1s connected
to the adjacent reinforcing rib at the circumierential wall
of the support cylinder.
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